Introduction
Mold and mycotoxin contamination of feedstuffs can lead to nutrient losses from feeds (Kao and Robinson, 1972) and can have detrimental effects on animal health (Harvey et al., 1989) and production (Bartov et al., 1982) . Surveys have documented the scope of this problem in other parts of the U.S. (Wood and Carter, 1989) and abroad (Tanaka et al., 1988; Sabin0 et al., 1989) , but documentation from the major corn-producing states is limited. Sauer et al. (1984) surveyed the fungal population in farm-stored grains in 1980. Aspergillus glaucus was found in 84% of the corn samples from a 13-state area. Aflatoxin was found in 2.4% of the samples. Aspergillus sp., Fusarium sp. and Penicillium were also identified.
Schmitt and Hurburgh (1989) examined randomly selected 1983 corn samples, six from each of Iowa's 99 counties, and found aflatoxin in 78% of the samples. Black light examination of the samples revealed no false negatives when 10.9 kg of sample were examined, but 11% false negatives when 1.8 kg were examined.
The growing season of 1988 was characterized by a severe drought in the midwestern part of the U.S. Widespread reports of aflatoxin contamination of drought-affected corn were documented (Looker, 1988a,b) . This study was undertaken to monitor the identity of the molds and mycotoxins in corn arriving at commercial feed mills from July of 1988 through June of 1989. In addition, the samples were tested for their ability to resist microbiological degradation when exposed to environmentally stressful conditions.
Materlals and Methods
Corn Collection. A total of 82 commercial feed manufacturers in seven midwestem states (Illinois, Indiana, Iowa, Michigan, Minnesota, Nebraska and Iowa) agreed to participate in the study initiated in July of 1988 and concluded in June of 1989. Locations of the cooperators are shown in Figure 1 .
Within each state, half the cooperators submitted their samples during a given month; the remaining half submitted their samples the following month. Random samples of all corn arriving at the mill were assured by asking cooperators to collect a 2-kg composite sample of grading samples taken during a given month. Mills participating in the survey previously had set up random sampling procedures for grading samples. These were shipped to our laboratory and stored at 4'C until analysis. Microbiological Analysis. The corn was thoroughly mixed and subsampled for each analysis. Moisture was determined by vacuum6 oven drying (AOAC, 1984) . Mold counts were determined by extracting spores and mycelial fragments from 5-g ground corn samples with 45 ml of sterile 30 mM KzHPO4 (pH 7.2). .001% Triton X-1006 and serially diluting onto 2,6 dichloro-4-nitroaniline7 Rose Bengal chlortetracycline agar (King et al., 1979) . Plates were incubated at 25°C for three days, and then cultures were enumerated. Molds were identified by enumerating like colonies, subculturing representative colonies onto potato dextrose a g d , growing these cultures for 1 to 5 d and making visual or microscopic identification (King et al., 1986) .
The stability of the samples to microbiological degradation was tested by subjecting five 100-g replicates in glass jars capped with Whatman filter paper (#2) to 32°C and 90% relative humidity (RH). Jars were examined daily under a dissecting microscope (lox) for the first visible presence of mold and the resulting "days to mold" was recorded. All examinations were conducted by the same observer.
Toxin Analysis. Black light positive samples were identified by spreading 1 kg of corn to a depth of one kernel and then illuminating the sample with long wavelength ultraviolet (UV) light (366 nm). Samples with more than five kernels with bright greenish-yellow fluorescence (BGYF) were considered positive. Aflatoxin (B1, B2, G1 and G2) was analyzed using a commercial mini-c01umn9 according to manufacturer's recommendations. The detection limit was 10 ppb. Zearalenone and deoxynivalenol were determined by thin layer chromatographylO. Sensitivity was 1 ppm for each toxin. T2 toxin was determined utilizing a commercial monoclonal antibody assay'l. Detection was sensitive to 500 ppb. After each 10 samples, all reagents, columns and methodologies were verified by utilizing a known positive sample containing toxin at twice the detection limit level. Samples were analyzed both upon receipt and after molding had occurred during the stress tests.
Statistical Analysis. Each sample was classified before and after stress as either positive for at least one of the toxins or negative for all four toxins. Mold counts were expressed on the logarithmic scale (base 10). The variation in moisture, days to mold, mold count and the presence of toxins before and after stress was examined in two ways. First, to assess the effect of month of the year on the measures taken, a model that included month and mill effects was used. Because feed mills seldom had samples in all months, the monthly means were adjusted for mill effects (least squares means from SAS were used). Second, the contributions of state and mill were investigated using a hierarchical model that included the effects of state, mill within state and samples within mills. The analysis of variance provided a test for state differences using mills within state as an error term and allowed the estimation of variance components for each source of variation. The measure of presence of a toxin takes only two values, zero when no toxins are present and one when at least one toxin was detected. The limitations of using this variable in the analysis of variance are recognized, but further refinement using loglinear model techniques was unnecessary for the objectives of this study. Chi-squared statistics were used to examine the correlation between the black light determination on each sample and the presence of aflatoxin. Overall correlations among the continuous variables were calculated. The percentage of samples positive for each of the four toxins are reported, but no detailed analyses were attempted of the variation in individual toxins because the incidence of any one toxin was very low. Because the samples analyzed were composites of a number of loads reaching a mill and limits of detection were very low, incidences of contamination reported may overestimate the incidence of molds and mycotoxins in individual batches of grain arriving at the mill.
Results and Discussion
Of 82 mills that began the year-long study, 32 submitted all six samples as requested. The mycological status of the 339 samples is summarized in Table 1 means were expected and found in all the variables measured. The average moisture content ranged from 10.5% in May to 13.3%
in June, averaging a relatively dry 12.1%. The greatest monthly variation in moisture occurred in the spring. When subjected to 90% RH and 32T, the average sample showed visible mold in 3.92 d. Average mold counts, expressed on the logarithmic scale, ranged from 4.02 to 4.98 (re-expressed, these would correspond to actual counts of 1.05 to 9.55 x 10" per gram). In June the predominant mold species was Penicillium sp., but in the other 11 mo the predominant mold species was Fusarium sp. During drought conditions, as in the period under study, the principal mold species in the Midwest was Fusarium sp. The percentage of the samples with at least one toxin present in the initial test ranged from 48% in July to less than 5% in April and June.
When exposed to W light, an average of 25.4% of the samples contained five or more kernels that glowed with BGYJ? ( Table 2) . This screening technique is similar to that used by many Midwestern feed mill managers. Toxin analysis by month demonstrated that aflatoxin-positive samples were found most frequently (7.7%), although high rates of contamination by T2 early in the study resulted in an average close to that of aflatoxin (7.4%). Aflatoxin incidence varied widely, ranging from 0 to 20.7% incidence within the 12-mo period. A total of 66 samples, or 19.5%, of the samples submitted were positive for at least one toxin.
When samples were re-examined after subjecting them to 90% RH and 32T, 84 samples, or 24.7%, were found to be toxinpositive. Aflatoxin, again, was the toxin found most frequently. These results indicated that further mycotoxin production was possible when corn was subjected to typical summer temperature and humidity conditions. This high incidence of aflatoxin was expected because warm incubation temperatures (32'C) favor aflatoxin growth and toxin production (Cleveland et al., 1987) yhile discouraging Fusarium growth. The disappearance of aflatoxin in some samples upon further mold growth (e.g., February 5.3% to 0%) can be explained by the metabolism of aflatoxin by Aspergillus sp. into other metabolites (Park et al., 1988) . The microbiological status of the 339 samples is summarized in Table 3 by the seven . The percentage of the samples with at least one toxin was subject to large sampling errors, but after subjected to stress conditions, ranged from 5.6% in Minnesota to 44.3% in Illinois. The predominant mold species in Minnesota was Penicillium sp., but in all other states it was Fusarium sp. When the incidence of toxin was summarized by state (Table 4) , no aflatoxin was detected in Nebraska and Michigan corn. Because the Fusarium toxins noted were seen in greatest predominance from July to October of 1988 (Table 2), this survey indicates that corn arriving at feed mills in these two states was essentially free from mycotoxins during late 1988 and 1989. After environmental stress, aflatoxin was the most predominant toxin found in four of the seven states, although in Ohio, T 2 was equally frequent (Table 4) . In Nebraska and Minnesota, T2 was the most frequent toxin.
Black lights are used routinely in feed mills to detect "aflatoxin-positive corn" by discovering BGYF associated with the kojic acid present (Lillehoj et al., 1986) . However, only 13 (15%) of the 86 samples positive on the black light assay were found to contain aflatoxin; yet, 13 (5%) of the 253 samples negative on the black light assay were found to contain aflatoxin. Although the black light positive samples did have a higher (P = .003) incidence of aflatoxin, the use of this test, especially where the aflatoxin incidence is low, cannot be recommended. In the 26 aflatoxinpositive samples, Aspergillus jluvus was the most predominant mold species in only seven samples.
The average of the continuous variables, days to mold, log of mold count and percentage of moisture, in samples positive and negative for each toxin are given in Table 5 . Large differences in these variables between positive and negative samples could indicate that the variable might be useful in predicting the presence of the toxin. The statistical significance of the difference was obtained using a t-test and ignored other classifications of the data. The probabilities that the observed differences could have arisen by chance are given. Before stress, the days to mold were higher (P < .01) in samples positive for T 2 toxin, whereas the log of the mold count was significantly lower in these samples compared to those negative for T2. This is contrary to what was expected in the survey and remains unexplained. The log of the mold count was higher (P < .02) in samples that were positive for aflatoxin. After stress, the days to mold was higher (P c .01) in samples positive for T 2 and the percentage of moisture was higher (P < .02) in these samples. The samples positive for aflatoxin after stress had higher (P < .01) mold counts and moisture. Samples positive for vomitoxin after stress had lower (P < .03) mold counts compared to samples negative for this toxin. All samples positive for a toxin, after stress, had higher moisture values, and the difference between the positive and negative samples reached statistical significance (P .OS) for two of the four toxins. No differences in these variables were large or consistent enough to make them useful and reliable indicators for the presence of a particular toxin. Even simply dividing the samples into those with at least one toxin versus those free of all toxins, the differences in days, count and moisture were not statistically significant in the data collected before stress. After stress, higher (P < .Ol) mold counts and moisture were found in samples with at least one toxin.
The only statistically significant correlation among the continuous variables measured in this study was a negative correIation between moisture and days to mold (r = -.35).
lrnpllcatlons
In this survey, 19.5% of the corn samples assayed contained detectable mycotoxin contamination on an initial test and 24.7% of the corn contained detectable mycotoxin contamination after the introduction of environmental stress. Moisture content of corn was one of the key factors determining mycobiological stability. Fusarium molds were the most widespread contaminant. 
